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RELEASABLE AND RETRIEVABLE VASCULAR FILTER SYSTEM 



5 I. Field of the invention 

This invention relates to the treatment of vascular disease, and more 
particularly to a vascular filter system for use during medical procedures. 

II. Background of the Invention 

10 Percutaneous transluminal coronary angioplasty (PTCA), stenting and 

atherectomy are therapeutic medical procedures used to increase blood flow 
through the coronary arteries. These procedures may often be performed as 
alternatives to coronary bypass surgery. Percutaneous transluminal 
angioplasty (PTA) and stenting may often be performed as alternatives to 

15 carotid endarterectomy, and femoral-popliteal bypass procedures. In PTCA or 
PTA procedures, the angioplasty balloon is inflated within the stenosed vessel, 
at the location of an occlusion, in order to shear and disrupt the wall 
components of the vessel to obtain an enlarged lumen. In stenting, an 
endoluminal prosthesis is implanted in the vessel to maintain patency following 

20 the procedure. In atherectomy, a rotating blade is used to shear plaque from 
the arterial wall. 

One of the complications associated with all these techniques is the 
accidental dislodgment of plaque, thrombus or other embolic particulates 
generated during manipulation of the vessel, thereby potentially causing 

25 occlusion of the narrower vessels downstream, which may lead to ischemia or 
infarct of the organ which the vessel supplies. Such emboli may be extremely 
dangerous to the patient, and may result in myocardial infarction, stroke or limb 
ischemia. In 1995, Waksman et al. disclosed that distal embolization is 
common after directional atherectomy in coronary arteries and saphenous vein 

30 grafts. See Waksman et al., American Heart Journal 1 29(3): 430-5 (1995). This 
study found that distal embolization occurs in 28 percent (31 out of 1 1 1) of the 
patients undergoing atherectomy. In January 1999, Jordan, Jr. et al. disclosed 
that treatment of carotid stenosis using percutaneous angioplasty with stenting 
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procedure is associated with more than eight times the rate of microemboli 
seen using carotid endarterectomy. See Jordan, Jr. et al. Cardiovascular 
Surgery 7(1): 33-8 (1999). Microemboli, as detected by transcranial Doppler 
monitoring in this study, have been shown to be a potential cause of stroke. 
5 The embolic materials include calcium, intimal debris, atheromatous plaque, 
and thrombi. 

Vascular filters are also well known in the art, especially vena cava 
filters, as illustrated in U.S. Patent Nos. 4,727,873 and 4,688,553. There is 
also a substantial amount of medical literature describing various designs of 

10 vascular filters and reporting the results of clinical and experimental use 
thereof. See, for example, the article by Eichelter and Schenk, entitled 
"Prophylaxis of Pulmonary Embolism," Archives of Surgery, Vol. 97 (August, 
1968). See, also, the article by Greenfield, et al; entitled "A New Intracaval 
Filter Permitting Continued Flow and Resolution of Emboli," Surgery, Vol. 73, 

15 No. 4 (1973). 

Vascular filters are often used during a postoperative period, when there 
is a perceived risk of a patient encountering pulmonary embolism resulting 
from clots generated peri-operatively. Pulmonary embolism is a serious and 
potentially fatal condition that occurs when these clots travel to the lungs. The 

20 filter is therefore typically placed in the vena cava to catch and trap clots before 
they can reach the lungs. 

Many of the vascular filters in the prior art are intended to be 
permanently placed in the venous system of the patient, so that even after the 
need for the filter has passed, the filter remains in place for the life of the 

25 patient. U.S. Patent No. 3,952,747 describes a stainless steel filtering device 
that is permanently implanted transvenously within the inferior vena cava. This 
device is intended to treat recurrent pulmonary embolism. Permanent 
implantation is often deemed medically undesirable, but it is done because 
filters are implanted in patients in response to potentially life-threatening 

30 situations. 

To avoid permanent implantation, it is highly desirable to provide an 
apparatus and method for preventing embolization associated with angioplasty, 
stenting or other procedures. In particular, it is desirable to provide a device 
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that may be temporarily placed within the vascular system to collect and 
retrieve plaque, thrombus and other embolic particulates that have been 
dislodged during angioplasty, stenting or other procedures. Such a device is 
removed at the end of the procedure. U.S. Patent Nos. 6,179,861 and 
5 6,001 ,118 describe guidewire-based filters where the filter resembles a 
windsock and is supported by one or more articulated support hoops. U.S. 
Patent Nos. 5,814,064 and 5,827,324 describe guidewire-based filter devices, 
wherein the filter is expanded to a predetermined diameter through the 
introduction of a fluid or a gas. U.S. Patent Nos. 6,168,604 and 6,152,946 

10 describe guidewire-based filters, wherein the diameter of the filter is controlled 
by advancing and retracting a sheath over the filter component. 

Notwithstanding the usefulness of the above-described methods, one 
concern commonly encountered with these devices is that the filter may move 
when the guidewire moves, thereby causing potential damage to the lumen, 

15 and risking the release of embolic particulates had been captured during the 
procedure. Another concern commonly encountered with these devices is that 
the filter and the guidewire are a single unit. Therefore, guidewire exchanges, 
which may be necessary for successful completion of the clinical procedure, 
cannot be performed. 

20 The prior art has yet to disclose, and a need still exists for, a vascular 

filter system which may be used to address the clinical problem of minimizing 
or substantially eliminating movement of the filter during the clinical procedure. 
The prior art has also not yet disclosed, and a need still exists for, a vascular 
filter which may be used to address the problem of allowing guidewires 

25 exchanges, which may be necessary for successful completion of the clinical 
procedure. 

III. Summary of the Invention 

The present invention provides a releasable and retrievable vascular 
30 filter system, which may be used to address the clinical problems of minimizing 
or substantially eliminating movement of the filter during the clinical procedure, 
and allowing guidewire exchanges, which may be necessary for successful 
completion of the clinical procedure, as briefly described above. 
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An objective of the invention is to provide a releasable and retrievable 
vascular filter system which places an untethered filter into the lumen of the 
vessel, in a position distal to the occlusion or to the location of the necessary 
intervention, which will remain stationary during the procedure. The filter 
5 system comprises a filter with an anti-migration feature, a deployment and 
release mechanism, and a retrieval device. The filter deployment and release 
mechanism allows for proper filter placement within the lumen. The 
deployment mechanism also allows the filter to expand to its second larger 
diameter, which is substantially equal to the diameter of the lumen, and to be 

10 placed in a generally sealing relationship with the lumen. The anti-migration 
feature allows the filter to remain substantially stationary in the lumen of a 
vessel during the procedure. The filter is untethered by a guidewire, and 
therefore does not move when the guidewire moves. The filter remains in 
place, capturing embolic particulates that may be released during the 

15 procedure. Another objective of the invention is to allow guidewire exchanges 
to be performed throughout the procedure, as needed, without disturbing or 
moving the filter. Then, a retrieval device is utilized for recapturing, collapsing 
and removing the filter from the lumen, with the embolic particulates captured 
within the filter. 

20 In accordance with one aspect, the present invention is directed to a 

releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, comprising a vascular filter with a smaller first diameter for insertion into 
the lumen and a larger second diameter for expanding to a diameter 
substantially equal to the diameter of the lumen and to be placed in a generally 

25 sealing relationship with the lumen. The system further comprises a porous 
filter membrane attached to the filter, a deployment and release mechanism for 
causing the filter to be positioned in the lumen of the vessel and to achieve the 
second larger diameter, an anti-migration feature for causing the filter to remain 
stationary in the lumen, and a retrieval device for recapturing the filter, for 

30 causing the filter to achieve the smaller first diameter, and for removing the 
filter from the lumen. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
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vessel, wherein the deployment and release mechanism comprises a storage 
tube having a proximal end, a distal end, and an inner lumen, with the distal 
end of the filter slidably insertable into the proximal end of the storage tube. 
The deployment and release mechanism further comprises a catheter having a 
5 proximal end, a distal end, and an inner lumen, with the distal end of the 

storage tube containing the filter slidably insertable into the proximal end of the 
catheter. The deployment and release mechanism further comprises an 
obdurator having an outer diameter, a proximal end and a distal end, with the 
distal end of the obdurator slidably insertable into the proximal end of the 

10 storage tube until the distal end of the obdurator is substantially in contact with 
the proximal end of the filter, and the obdurator is positioned to push the filter 
into the proximal end of the catheter, through the lumen of the catheter, and 
out of the distal end of the catheter. 

In accordance with another aspect, the present invention is directed to a 

15 releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the deployment and release mechanism comprises a catheter 
having a proximal end, a distal end, and an inner lumen. The deployment and 
release mechanism further comprises a shaft having an outer diameter, a 
proximal end and a distal end, with the filter releasably attached near the distal 

20 end of the shaft, and the catheter coaxially disposed around the shaft and the 
filter, such that the catheter may be slidably retracted to deploy the filter. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the deployment and release mechanism comprises a 

25 guidewire, with the proximal end of the filter releasably attachable near and 
detachable from the distal end of the guidewire. The deployment and release 
mechanism further comprises a catheter having a proximal end, a distal end, 
and an inner lumen, with the proximal end of the guidewire slidaby insertable 
into the distal end of the catheter until the catheter is coaxially disposed around 

30 the guidewire and the filter, and the catheter may be slidably retracted to 
deploy the filter. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
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vessel, wherein the anti-migration feature comprises the chronic outward force 
of Nickel-Titanium alloy. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
5 vessel, wherein the anti-migration feature comprises hooks attached to the 
filter. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the anti-migration feature comprises the frictional force of the 
10 geometric design of the struts. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the anti-migration feature comprises a friction coating on the 
filter. 

15 In accordance with another aspect, the present invention is directed to a 

releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the anti-migration feature comprises a surface treatment that 
increases the friction coefficient of the filter. 

In accordance with another aspect, the present invention is directed to a 

20 releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the retrieval device comprises a snare, and the filter comprises 
a snareable feature. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 

25 vessel, wherein the retrieval device comprises a wire having an outer diameter, 
a proximal end and a distal end, a hook attached near the distal end of the 
wire, and a hook attached near the proximal end of the filter. 

In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 

30 vessel, wherein the retrieval device comprises a wire having an outer diameter, 
a proximal end and a distal end, a ball attached near the distal end of the wire, 
and a receiver attached near the proximal end of the filter. 
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In accordance with another aspect, the present invention is directed to a 
releasable and retrievable vascular filter system for insertion into a lumen of a 
vessel, wherein the retrieval device comprises a guidewire detachable from 
and attachable to the filter. 

An advantage of the present invention is that the anti-migration feature 
of the filter causes it to remain stationary in the lumen during the procedure, 
thereby minimizing the risk of potential damage to the lumen, and minimizing 
the risk of releasing embolic particulates which had been captured during the 
procedure. Another advantage of the present invention is that the filter and the 
guidewire are not a single unit, so the operator may freely exchange 
guidewires, which may be necessary for successful completion of the clinical 
procedure. Given the following enabling description of the drawings, the 
apparatus should become evident to a person of ordinary skill in the art. 

IV. Brief Description of the Drawings 

The foregoing and other aspects of the present invention will best be 
appreciated with reference to the detailed description of the invention in 
conjunction with the accompanying drawings, wherein: 

Figure 1 illustrates a partial, enlarged cross-sectional view of an 
exemplary embodiment of the releasable and retrievable vascular filter system, 
with the filter in the expanded position and the anti-migration feature 
comprising the chronic outward force of the Nickel-Titanium alloy, in 
accordance with the present invention. 

Figure 2 illustrates a partial, cross-sectional view of an exemplary 
embodiment of the releasable and retrievable vascular filter system, with the 
deployment and release mechanism comprising a catheter and obdurator, in 
accordance with the present invention, 

Figure 3 illustrates a partial, cross-sectional view of an exemplary 
embodiment of the releasable and retrievable vascular filter system, with the 
storage tube and filter being inserted into the catheter, in accordance with the 
present invention. 
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Figures 4A and Figure 4B illustrate partial, cross-sectional views of an 
exemplary embodiment of the releasable and retrievable vascular filter system, 
with the obdurator pushing the filter out of the catheter, in accordance with the 
present invention. 

5 Figures 5A, 5B, 5C and 5D illustrate partial, enlarged, cross-sectional 

views of an exemplary embodiment of the releasable and retrievable vascular 
filter system, using a ball hook retrieval system, in accordance with the present 
invention. 

Figure 6 illustrates a partial, simplified, top and sides view of exemplary 
10 embodiments of the releasable and retrievable vascular filter system, with 
suitable configurations of the anti-migration feature, in accordance with the 
present invention. 

Figures 7A, 7B and 7C illustrate partial, enlarged, cross-sectional views 
of an exemplary embodiment of the releasable and retrievable vascular filter 
15 system, with the catheter being retracted to deploy the filter, in accordance with 
the present invention. 

Figures 8A, 8B and 8C illustrate partial, enlarged, cross-sectional views 
of an exemplary embodiment of the releasable and retrievable vascular filter 
system, with the catheter being retracted and the guidewire disengaged, to 
20 deploy the filter, in accordance with the present invention. Figures 8D, 8E and 
8F are partial, enlarged, cross-sectional views of exemplary embodiments of 
the mating features on the guidewire and filter, in accordance with the present 
invention. 

Figures 9A, 9B and 9C illustrate partial, enlarged, cross-sectional views 
25 of an exemplary embodiment of the releasable and retrievable vascular filter 
system, with a snare being used to retrieve the filter, in accordance with the 
present invention. Figure 9D illustrates a partial, enlarged, cross-sectional 
view of exemplary embodiments of the snareable feature on the filter, in 
accordance with the present invention. 

30 

V. Detailed Description of the Drawings 

The releasable and retrievable vascular filter system of the present 
invention is designed to address the clinical problem of movement of the filter 
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when the guidewire moves, thereby causing potential damage to the lumen, 
and risking the release of embolic particulates which were captured during the 
procedure. The releasable and retrievable vascular filter system of the present 
invention is also designed to address the need to exchange guidewires, which 
5 may be necessary for successful completion of the clinical procedure. 
Guidewire exchanges may be necessary because different guidewire 
characteristics may be needed during different portions of the clinical 
procedure. For example, guidewire torqueability and steerability may be 
required at the beginning of the procedure, in order to access the site of the 

10 occlusion or necessary intervention. Then, extra support may be required later 
in the procedure, when the guidewire is needed to serve as a conduit for other 
procedural devices. 

The releasable and retrievable vascular filter system comprises a 
vascular filter with a smaller first diameter for insertion into the lumen and a 

15 larger second diameter for expanding to a diameter substantially equal to the 
diameter of the lumen and to be placed in a generally sealing relationship with 
the lumen. The system further comprises a porous filter membrane attached to 
the filter, a deployment and release mechanism for causing the filter to be 
positioned in the lumen of the vessel and to achieve the second larger 

20 diameter, an anti-migration feature for causing the filter to remain stationary in 
the lumen, and a retrieval device for recapturing the filter, for causing the filter 
to achieve the smaller first diameter, and for removing the filter from the lumen. 
The deployment and release mechanism is utilized to place the filter in the 
lumen of the vessel, in a position distal to the occlusion or to the location of the 

25 necessary intervention. The deployment and release mechanism also allows 
the filter to expand to its second larger diameter, which substantially equals the 
diameter of the lumen, and to be placed in a generally sealing relationship with 
the lumen. The anti-migration feature allows the filter to remain substantially 
stationary in the lumen of a vessel during the procedure. The filter is 

30 untethered by a guidewire, and therefore does not move when the guidewire 
moves. The filter remains in place, capturing embolic particulates which may 
be released during the procedure. Then, a retrieval device is utilized for 
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recapturing, collapsing and removing the filter from the lumen, with the embolic 
particulates captured within the filter. 

While the present invention may be realized in a number of exemplary 
embodiments, for ease of explanation, one exemplary embodiment will be 
5 described in detail. Referring to the figures wherein like numerals indicate the 
same element throughout the views, there is shown in Figure 1 a releasable 
and retrievable vascular filter system made in accordance with the present 
invention. The releasable and retrievable vascular filter system comprises a 
filter 10, having a proximal end 20, a distal end 30, and a plurality of struts 40 

10 extending therebetween. The filter further comprises a porous filter membrane 
50 attached to the filter distal end 30 and to the plurality of struts 40. The 
porous filter membrane 50 may have a length that is less than the length of the 
plurality of struts 40. The filter has a smaller first diameter for insertion into the 
lumen, and a larger second diameter, as illustrated in Figure 1 , for expanding 

15 to a diameter substantially equal to the diameter of the lumen and to be placed 
in a generally sealing relationship with the lumen. The filter further comprises 
an anti-migration feature, which causes the filter 10 to remain substantially 
stationary in the lumen. In this exemplary embodiment, the anti-migration 
feature comprises the chronic outward force of the Nickel-Titanium material 

20 from which the filter may be made. 

The releasable and retrievable vascular filter system further comprises a 
deployment and release mechanism for causing the filter to be positioned in 
the lumen of the vessel and for causing the filter to achieve its second larger 
diameter. In this exemplary embodiment, the deployment and release 

25 mechanism comprises a catheter 70, as shown in Figure 2, with a proximal end 
80, a distal end 90 and an inner lumen 95. The deployment and release 
mechanism further comprises an obdurator 100, having a proximal end 110 
and a distal end 120, with the distal end 120 slidably insertable into the 
proximal end of the catheter 80. As illustrated in Figure 3, the releasable and 

30 retrievable vascular filter system further comprises a storage tube 65, having a 
proximal end 64 and a distal end 66. The distal end 30 of the filter 10, in the 
collapsed state, may be slidably inserted into the proximal end 64 of the 
storage tube, and advanced until the storage tube 65 is coaxially disposed 
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around the filter 10, as illustrated in Figure 3. Then, the distal end of the 
storage tube 66 is slidably inserted into the proximal end of the catheter 80. At 
this point, as illustrated in Figure 4, the distal end 120 of the obdurator 100 
r may be slidably inserted into the proximal end 64 of the storage tube 65 and 
5 advanced until the distal end of the obdurator 120 is substantially in contact 
with the proximal end of the filter 20. The obdurator is then advanced further 
until the filter 10 is pushed into the proximal end of the catheter 80, through the 
catheter 70, as illustrated in Figure 4A, and then out of the distal end of the 
catheter 90, as illustrated in Figure 4B. The filter 10 then expands to achieve 

10 the second larger diameter, as illustrated in Figure 4B, and is positioned in the 
lumen, with the chronic outward force of the Nickel-Titanium alloy, from which 
the filter may be made, causing the filter 10 to remain stationary in the lumen. 

The releasable and retrievable vascular filter system further comprises a 
retrieval device for recapturing the filter, for causing the filter to achieve the 

15 smaller first diameter, and for removing the filter from the lumen. In this 
exemplary embodiment, the retrieval device comprises a ball hook retrieval 
system, as illustrated in Figure 5A. The ball hook retrieval system 130 
comprises a wire 140 having a proximal end 150 and a distal end 160, with a 
curve 165 near the distal end of the wire 140, and a ball 170 attached near the 

20 distal end of the wire 160. The ball hook retrieval system further comprises a 
receiver 180 near the proximal end 20 of the filter 10, as illustrated in Figure 
5B. The receiver 180 is accessed by inserting the ball 170 through the struts 
40 of the filter 10, as illustrated in Figure 5C. Then, the wire 140 and the filter 
10 are retracted back into the catheter 70. The filter 10 collapses, as illustrated 

25 in Figure 5D, and may then be withdrawn through the catheter 70. 

As illustrated in Figure 1 , 2, 3, 4A, 4B, 5A, 5B, 5C and 5D, the 
releasable and retrievable vascular filter system may be used to introduce, 
deploy and release a vascular filter into the lumen of a vessel, and then to 
retrieve the vascular filter from the lumen of a vessel. The catheter 70 may be 

30 introduced into the lumen of a vessel, until the distal end of the catheter 90 is 
positioned past the location of an occlusion in the vessel. Then, the distal end 
30 of the filter 10 is inserted into proximal end 64 of the storage tube 65, until 
the storage tube completely covers the filter, as illustrated in Figure 3. At this 
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point, the distal end of the storage tube 66 is inserted into the proximal end of 
the catheter 70, as illustrated in Figure 3. Then, the distal end 120 of the 
obdurator 100 is inserted into the proximal end of the storage tube 64 and 
advanced until it is substantially in contact with the proximal end of the filter 20. 
5 The obdurator 100 continues to be advanced until the filter 10 is pushed 
through the proximal end 80 of the catheter 70, through the catheter 70, and 
out of the distal end 90 of the catheter, as illustrated in Figure 4B. The filter 10 
then achieves its second larger diameter, as illustrated in Figure 4B, and the 
anti-migration feature, in the form of the chronic outward force of the Nickel- 

10 Titanium alloy from which the filter is made, in this exemplary embodiment, 
allows the filter to remain substantially stationary in the lumen during the 
procedure. The filter captures embolic particulates generated during the 
procedure. The untethered filter 10 also allows the operator to perform 
guidewire exchanges, as needed throughout the procedure. After the 

15 interventional procedure is complete, the retrieval device, in the form of the ball 
hook retrieval system 130 in this exemplary embodiment, is introduced through 
the catheter 70, as illustrated in Figure 5A. Once the ball 170 exits the distal 
end of the catheter 90, it is inserted through the filter struts 40, until it connects 
with the receiver 180, as illustrated in Figure 5C. Then, the wire 140 is 

20 retracted back through the catheter 70, causing the filter 1 0 to collapse once it 
enters the catheter 70. Then, the filter 1 0 may be withdrawn from the body, 
with the embolic particulates captures therein. 

The filter 10 may be made from any number of suitable materials, and is 
preferably made from Nickel-Titanium alloy. The filter 10 may comprise at least 

25 one marker band attached near the midpoints of the struts 40, at least one 
marker band attached near the distal end 30 of the filter, and at least one 
marker band attached near the proximal end 20 of the filter. The filter 10 may 
also comprise coatings or any other suitable means for enhancing the 
radiopacity of the device. The porous filter membrane 50 may be made from 

30 any number of suitable materials, and is preferably made from a flexible 

polymeric material with elastomeric properties chosen from a group consisting 
of polyurethane, polyethylene or a co-polymer thereof. The porous filter 
membrane 50 may comprise any number and configuration of pores and 
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preferably comprises pores wherein the pore size is from about 20 to about 
300 microns. The pores may be created by any suitable means, and may 
preferably be created by laser drilling. The storage tube 65 may be made from 
any number of suitable materials, and is preferably made from a polymeric 
5 material. The filter 10 may be loaded into the storage tube 65 at time of use, or 
may be preloaded, if the porous filter membrane 50 is made of a suitable 
material that does not take a permanent set. The catheter 70 may be made 
from any number of suitable materials, and is preferably made from a 
polymeric material. The obdurator 100 may be made from any number of 

10 suitable materials, and is preferably made from a polymeric material. 

The anti-migration device may comprise any number of suitable 
configurations, including hooks, barbs (Figure 6A), bowed features (Figure 6B), 
zig-zags (Figure 6C), dimples (Figure 6D), and square barbs (Figure 6E). The 
anti-migration feature may also comprise the chronic outward force of Nickel- 

15 Titanium alloy, from which the filter may be made, as illustrated in Figure 1 . 

The deployment and release mechanism may comprise any number of 
suitable configurations, as illustrated in Figures 4A and 4B, which comprises a 
catheter and obdurator deployment system described above, and as illustrated 
in Figures 7 and 8. In Figure 7A, the catheter 70 is coaxially disposed around a 

20 shaft 200, with the filter 1 0 attached near the distal end of the shaft 200. When 
the system is in position distal to the occlusion in the lumen of the vessel, the 
catheter 70, may be retracted, allowing the filter 10 to achieve the larger 
second diameter and to be placed in a generally sealing relationship with the 
lumen of the vessel, as illustrated in Figure 7B. Then, the shaft 200 may be 

25 retracted to release the filter, as illustrated in Figure 7C. In Figure 8A, the 
catheter 70 is coaxially disposed around a sheath 215 and a guidewire 210, 
with the filter 10 attached near the distal end of the guidewire 210, via mating 
features 220 and 230, attached near the distal end of the guidewire 210, and 
near the proximal end of the filter 10. When the system is in position distal to 

30 the occlusion in the lumen of the vessel, the catheter 70 may be retracted, 
allowing the filter 10 to achieve the larger second diameter and to be placed in 
a generally sealing relationship with the lumen of the vessel, as illustrated in 
Figure 8B. Then, the mating features 220 and 230 are disengaged by 
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retracting the sheath 215 to release the filter, as illustrated in Figure 8C. The 
mating features may be of any suitable configuration, and are preferably balls 
and holes, or mating slots, as illustrated in Figures 8D and 8E. The mating 
features may also release hydraulically, as illustrated in Figure 8E, where the 
sheath 215 exhibits the characteristic that when fluid pressure is applied to the 
inner diameter, via a syringe or other suitable means, the walls of the distal 
section of the sheath 217 expand outwardly and release the mating feature 
230, and hence the filter 10. The shaft may be made from any number of 
suitable materials, and is preferably made from a metallic material at the distal 
end and a polymeric material at the proximal end. The sheath may be made 
from any suitable material, and is preferably made from a polymeric material. 
The wire may be made from any number of suitable materials, and is 
preferably made from Nickel-Titanium alloy. The snare may be made from any 
number of suitable materials, and is preferably made from Nickel-Titanium 
alloy. 

The retrieval device may comprise any number of suitable 
configurations, as illustrated in Figures 5A, 5B and 5C, which comprise the ball 
hook retrieval system, and Figures 8A, 8B, 8C and 8D, which comprise a 
mating hook system. The retrieval device may also comprise a snare 240 and 
a snareable feature 250 on the filter, as illustrated in Figure 9. The snare 240 
in introduced through a catheter, as illustrated in Figure 9. The loop of the 
snare 250 exits the catheter and attaches itself to the snareable feature 250, 
on the filter 10, which is a hook in this exemplary embodiment. The snare 240 
is then retracted back into the catheter 70, dragging the filter 10 into the 
catheter 70, and causing the filter to achieve its smaller first diameter, as 
illustrated in Figure 9C. The snareable feature may comprise any number of 
suitable configurations, as illustrated in Figure 9D, and may comprise hooks, 
knobs, slots or coils. 

Although shown and described are what are believed to be the preferred 
embodiments, it is apparent that departures from specific designs and methods 
described and shown will suggest themselves to those skilled in the art and 
may be used without departing from the spirit and scope of the invention. The 
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present invention is not restricted to the particular constructions described and 
illustrated, but should be constructed to include all modifications that may fall 
within the scope of the appended claims. 
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